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An effective synthesis of (+)-conduritol F, (+)-chiro- and (+)-epi-inositols from naturally available (+)-
proto-quercitol is described. This synthetic method provides a concise synthesis of cyclitols in enantiome-
rically pure form. Of the synthesized cyclitols, (+)-conduritol F potently inhibits type I a-glucosidase with
an ICsq value of 86.1 pM, which is five times greater than the standard antidiabetic drug, acarbose.

© 2012 Elsevier Ltd. All rights reserved.

Conduritols are cyclitol derivatives possessing four contiguous
hydroxyl groups on cyclohexene ring. There are ten possible
stereoisomers; four enantiomeric pairs (conduritols B, C, E and F)
and two meso-forms (conduritols A and D) (Fig. 1). Interest in
conduritols and their analogues have been amplified due to syn-
thetic challenge and presence of a variety of biological activities
such as antifeedant, antibiotics, antileukemics and growth-regula-
tion.! Currently, as a vital motif in potent anticancer narciclasine®
and antidiabetic conduritol A2 facile and efficient synthetic ap-
proaches have been developed to produce optically pure conduri-
tols in large quantity.

Over the course of our current research on new chemical enti-
ties as glycosidase inhibitors,* we recently reported the synthesis
and inhibitory activity of amino quercitols from naturally available
(+)-proto-quercitol.*> Although the starting quercitol has five
contiguous hydroxyl groups on cyclohexane ring, exclusive forma-
tion of single bis-acetonide is crucial to obtain optically pure amino
quercitols in few steps. With the success of our approach in hand,
we expand the application to the synthesis other cyclitols.

Conduritol F is our first target because of prominent bioactivi-
ties and low natural abundance. Regardless of the presence of an
unsaturation in conduritol F and one additional hydroxyl group
in (+)-proto-quercitol, their gross structure and relative configura-
tion are identical. Thus, dehydration of starting material would
readily generate the desired product. Although several conduritols,
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including conduritol F, have been principally prepared through
microbial and photo-oxidations of halogenated benzene,?” vici-
nal-diols obtained after oxidation inevitably existed as a mixture
of two or more stereoisomers. Therefore, preparation of conduritol
F from optically pure starting materials is likely to be a method of
choice to circumvent such problems. However, these approaches
were limited by low yield of conduritol F obtained.® In this Letter,
we report a short and effective synthesis of (+)-conduritol F and its
inhibitory activity against types I and Ila-glucosidase. In addition,
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Figure 1. Structures of conduritols.
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Scheme 1. Reagents and conditions: (a) 2,2-dimethoxypropane, p-TsOH, DMF, 75%;
(b) MeSO,Cl, EtsN, DMAP, 78%.

the synthesis process also allowed us to prepare two correspond-
ing inositols, (+)-epi- and (+)-chiro-isomers.

Our first attempt to synthesize conduritol F from the naturally
available (+)-proto-quercitol was depicted in Scheme 1. The start-
ing material utilized in this work was facilely isolated from the
stems of Arfeuillea arborescens using method developed in our
laboratory.” Notably, this method provides an efficient process,
yielding a multiple gram of enantiomerically pure 1 (0.3% yield).
It is also environmentally friendly as water is used during extrac-
tion and isolation. With compound 1 in hand, the bis-diol moiety
was then preferentially protected as the corresponding acetonide
to provide the desired compound 2 in an excellent yield. Since
one hydroxyl group remains unprotected, it was thus activated
with mesyl chloride to afford mesylate ester 3 in 78% yield. Unfor-
tunately, elimination of 3 using various bases such as DBU, pyri-
dine, and t-BuOK, in the hope that it would be converted to the
protected conduritol 4, was unsuccessful. More than 80% of 3
was recovered along with 4 in less than 5%. We hypothesized that
mesyl group may not be a good leaving group under these
conditions.

Having fail elimination reaction of 3 under basic conditions, we
turned our focus on olefin formation directly via bis-acetonide 2
using strong dehydrating agents such as thionyl chloride, phospho-
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Scheme 2. Reagents and conditions: (a) Tf,O, pyridine, —10°C, 12h, 68%;
(b) 1.25MHCI/MeOH, rt, 4 h, quant.

rusoxychloride, Martin’s reagent and trifluoromethanesulfonic
anhydride. Treatment of 2 with SOCl, or POCl; in pyridine gener-
ated the complex mixtures along with trace amount of the desired
alkene 4. Moreover, Martin’s sulfurane dehydrating agent was also
employed in dry toluene under reflux but inseparable mixture
along with 50% starting material were recovered. Fortunately,
dehydration of 2 took place smoothly upon addition of Tf,0 in
pyridine at —10 °C, affording the protected conduritol F (4) as the
sole product (Scheme 2). This alternative route not only provided
us a short-step conversion of (+)-proto-quercitol to conduritol F
but also generated the desired product without any congeners.

The specificity of this elimination step is possibly attributed to
steric effect. The bulky acetonide may block the proton abstraction
at C-4 whereas trans-diaxial orientation of H-6,, and the leaving
group trifluoromethanesulfonyl facilitates E2 pathway, hence gen-
erating protected alkene 4. Eventually, conduritol F (5) was ob-
tained by deprotection of 4 with methanolic HCl. The NMR data
and specific rotation (+79.5, ¢ 1.12, MeOH) of our prepared condur-
itol F were completely identical to those previously reported,®*°
confirming the absolute configuration as (+)-conduritol F.

The success in preparation of optically pure (+)-conduritol F al-
lows us to access other cyclitols. The protected conduritol 4 could
serve as a chiral building block for single-step conversion to
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Scheme 3. Reagents and conditions: (a) OsO4, NMO, t-BuOH/H,0 (1:1), 0 °C; (b) Amberlyst-15, MeOH/H,0 (7:3).
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Table 1
a-Glucosidase inhibitory effect of cyclitols 1, 5, 7a and 7b
ICs0 (UM)
Cyclitol Baker’s yeast Maltase® Sucrase®
1 NIP NI NI
5 86.1+£0.5 NI NI
7a 1256.1 +1.7 NI NI
7b 475.7+£0.9 NI NI
Acarbose 403.9 £ 0.4 1.50+0.14 2.38 £0.02

¢ a-Glucosidase was obtained from rat small intestine.

b NI, no inhibition, inhibitory effect less than 30% at 10 mg/mL.

inositol derivatives. Dihydroxylation of 4 using OsO,4 led to the for-
mation of readily separable 3:1 diastereomeric inositols'® 6a and
6b in 77% yield (Scheme 3). The selective formation of 6a over
6b could be rationalized by preferential osmylation on the less hin-
dered face of alkene. Consequently, 6a and 6b were deprotected by
Amberlyst-15 to quantitatively afford (+)-chiro-inositol (7a)'' and
(+)-epi-inositol (7b),'? respectively.

(+)-Conduritol F (5) and inositols (7a and 7b) were evaluated for
a-glucosidase inhibitory activity using enzymes from two different
sources; baker’s yeast (type I) and rat small intestine (type II). They
selectively inhibited o-glucosidase from baker’s yeast,'® in which 5
displayed highest inhibition with an ICsq value of 86.1 UM (Table 1).
A potent inhibitory effect (6-16 times) of 5 over its corresponding
diols, (+)-chiro-inositol (7a) and (+)-epi-inositol (7b), indicates that
a half-chair conformation of cyclohexene moiety is more critical in
binding active site of the enzyme than additional dihydroxy groups.
This observation was also supported by a very low inhibition of (+)-
proto-quercitol (1), a hydroxylated cyclitol of 5. However, all cycli-
tols evaluated did not inhibit maltase and sucrase, type II a-gluco-
sidases from rat small intestine.

In summary, we have simply and efficiently achieved short syn-
thesis steps for (+)-conduritol F and inositols: (+)-chiro- and (+)-
epi-inositols, from naturally available (+)-proto-quercitol. A key
step involves dehydration of protected (+)-proto-quercitol (2) after
addition of Tf,0 in pyridine, therefore taking a total of three steps
to produce optically pure conduritol F in excellent yield. Further-
more, our method also provides rapid access to corresponding
dihydroxy analogues, (+)-chiro- and (+)-epi-inositols. A potent inhi-
bition of conduritol F, selectively against typel a-glucosidase, over
related compounds as well as antidiabetic drug acarbose suggests
that its half-chair conformation is critical for its biological activity.
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